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The fate of the Neanderthal populations of Europe andwestern Asia has gripped the popular and scientific imaginations for the past
century. Following at least 200,000 years of successful adaptation to the glacial climates of northwestern Eurasia, they
disappeared abruptly between 30,000 and 40,000 years ago, to be replaced by populations all but identical to modern humans.
Recent research suggests that the roots of this dramatic population replacement can be traced far back to events on another
continent, with the appearance of distinctively modern human remains and artefacts in eastern and southern Africa.

T
he most significant contributions to these issues over
the past decade have come from detailed studies of
the DNA structure of present-day human populations
in different areas of the world, combined with the
gradually accumulating recovery of residual traces of

‘ancient’ DNA extracted from a number of Neanderthal and early
anatomically modern human remains. Studies of both mito-
chondrial and Y-chromosome DNA patterns in modern world
populations (inherited respectively through the female and male
lineages) point to the genetic origins of all present-day populations
within one limited area of Africa somewhere in the region of
150,000 years before present (yr BP), followed by their dispersal to
other regions of the world between about 60,000 and 40,000 yr BP1–6.
These results are further reinforced by recent discoveries of skeletal
remains of anatomically modern populations in different areas.
Discoveries at Herto in Ethiopia reported just over a year ago7

confirm the presence of early forms of anatomically modern
humans in Africa by about 160,000 yr BP, whereas the earliest
discoveries of distinctively modern populations in both Europe
andmost parts of Asia can be dated no earlier than 40,000–45,000 yr
BP. The one exception is in Israel, where the rich skeletal remains
from the Skhul and Qafzeh caves indicate a precocious, and
apparently short-lived, incursion of early anatomically modern
populations into this region (presumably via the Nile valley) at an
early stage in the last glaciation, around 100,000 yr BP

8.
In Europe, themost dramatic support for these patterns has come

from the recovery of a number of relatively well-preserved
sequences of mitochondrial DNA from a number of actual skeletal
finds of Neanderthals and early anatomically modern humans.
Analyses of seven separate Neanderthal specimens (including
those from the Neanderthal type-site itself) yielded segments of
mitochondrial DNA that are radically different from those of all
known present-day populations in either Europe or other parts of
the world, and that are equally different from those recovered from
five early specimens of anatomically modern populations from
European sites9,10. The conclusion is clear that there was either
very little—if any—interbreeding between the local Neanderthals
and the intrusive modern populations in Europe, or that if such
interbreeding did take place, all genetic traces of this interbreeding
were subsequently eliminated from the European gene pool. The
mitochondrial DNA evidence recovered from the Neanderthal
specimens further suggests that the initial evolutionary separation
of the Neanderthals from the populations which eventually gave rise
to genetically modern populations must reach back at least
300,000 yr (ref. 9)—a finding that is in good agreement with the
surviving fossil evidence from Africa and Europe1. Whether this
evidence is sufficient to indicate that the Neanderthals belonged to

an entirely separate biological species from modern humans is at
present more controversial1,2.

The archaeological record
One important issue in current research is exactly what patterns of
culture and technology were associated with the initial dispersal of
anatomically and genetically modern populations across
Europe11,12. The general assumption in the past has been that this
dispersal is represented by the widespread distribution of the
‘Aurignacian’ technologies, which can be traced continuously
from the adjacent areas of the Near East (Israel, Lebanon, Syria
and so on) through most areas of eastern and central Europe, to the
Atlantic coasts of France and Spain—broadly within the time range
from around 40,000 to 35,000 yr BP in conventional (that is,
uncalibrated) radiocarbon terms4,6,8,11–16 (see Fig. 1). Significantly,
the Aurignacian period shows an apparently sudden flowering of all
the most distinctive features of fully ‘modern’ (or, in archaeological
terms, Upper Palaeolithic) cultural behaviour. Such features
include: the first complex and carefully shaped bone, antler and
ivory tools; a sudden proliferation of perforated animal teeth, far-
travelled marine shells, carefully shaped stone and ivory beads and
other forms of personal ornaments; and (at least in sites in central
and western Europe) remarkably varied and sophisticated forms of
both abstract and figurative art—ranging from engraved outlines of
animals, to representations of both male and female sex organs, to
the remarkable ivory statuettes of animal and human figures from
southern Germany (Fig. 2) and the elaborate cave paintings of the
Chauvet cave in southeastern France14–17. Collectively, this reflects
an explosion in explicitly symbolic behaviour among the Aurigna-
cian populations of Europe and western Asia that is conspicuously
lacking from the preceding Middle Palaeolithic Neanderthal com-
munities of the region18,19. It is generally agreed that symbolic
communication and expression at this level of complexity would
be almost inconceivable in the absence of complex language systems
and in the absence of brains structured very similarly, if not
identically, to our own20–23. If we add to this the evidence for the
striking uniformity of these Aurignacian technologies across Europe,
the sharp break occurring between the earliest Aurignacian and the
immediately preceding technologies in the different regions, and the
apparent chronological cline in the progressive appearance of this
technology from east to west across the continent (Fig. 1), the
archaeological evidence alone suggests strongly that the Aurignacian
period was that of the initial dispersal of anatomically and behaviou-
rally modern populations across central and western Europe8,13,15,24.

Aurignacian populations
The most frustrating aspect of the current evidence has been the
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difficulty of identifying substantial and anatomically distinctive
specimens of human skeletal remains in association with Aurigna-
cian technologies11. A number of skeletal remains of typically
anatomically modern form which were initially attributed to the
Aurignacian have recently been shown on the basis of direct radio-
carbon dating of the bones themselves to represent intrusive burials
into the Aurignacian levels from much later levels—notably those
from Velika Pećina in Croatia25 and those from the remarkable early
Aurignacian site of Vogelherd in south Germany (with a range of
impressive art objects; see Fig. 2)12. The unexpected shock of these
discoveries has, perhaps not surprisingly, led some authors to
question some of the earlier assumptions about the automatic
correlation of the Aurignacian with populations of anatomically
modern humans12,26.
Although understandable, these reactions are nevertheless at best

premature and almost certainly unfounded. Even if we implicitly
accept the results of all the recent dating evidence, themost we could
infer from these results is that the Aurignacians were infuriatingly
reluctant to abandon their dead within their main occupation
sites—in contrast to the preceding Neanderthals (from whom we
now have relatively substantial and well-preserved skeletal remains
from at least 20 cave and rock shelter sites), or the populations of the
ensuing Gravettian and later stages of the Upper Palaeolithic
sequence. To suggest that the scarcity of well-documented skeletal
material from the Aurignacian period argues against the association
of these populations with anatomically modern humans would be
an obvious scientific non sequitur. To suggest that this instead
favours an association with Neanderthals would be even less
defensible.
In reality, the situation is not nearly as bleak as some recent

discussions12,26 have suggested. Despite the elimination of the
skeletal material from Vogelherd and Velika Pećina, we now have
a range of more fragmentary skeletal remains from at least five or six
well-documented contexts in Europe and western Asia which
point unmistakably to the presence of diagnostically modern
(Cro-Magnon) populations that fall within the time range of the
Aurignacian occupation and in several cases are apparently associ-
ated directly with Aurignacian archaeological material. The best-
dated finds at present are the remains of three typically modern
individuals recently reported from the Peştera cu Oase Cave in
Romania (directly dated by radiocarbon accelerator measurements
to about 35,000 yr BP, although unfortunately not associated directly
with archaeological material26) and the remains of a complete

juvenile skeleton excavated from the levels immediately underlying
the long Aurignacian sequence at Ksar Akil in the Lebanon and
dated on the basis of both archaeological evidence and overlying
radiocarbon measurements to at least 40,000 yr BP

27,28. From
western Europe we have a fragmentary maxilla from Kents Cavern
in Devonshire directly dated to 30,900 ^ 900 yr BP

11 and the
remains of two characteristically modern mandibles from the site
of Les Rois in western France, apparently closely associated with
the early Aurignacan levels on the site and dating to around 32,000–
35,000 yr BP

29. Churchill and Smith11 have suggested that the
fragmentary mandible and other remains from the initial pre-
Aurignacian (Bachokirian) levels at Bacho Kiro in Bulgaria are
probably of anatomically modern form, in this case with radio-
carbon dates ranging from 39,000 to 43,000 yr BP. Finally, and
perhaps most significantly, the two distinctively anatomically mod-
ern crania and other skeletal remains from the site of Mladeč in the
Czech Republic have recently been dated on the basis of radiocarbon
measurements of associated calcite deposits to around 34,000–
35,000 yr BP, and are almost certainly associated with a range of
typically Aurignacian bone artefacts11,30.

Clearly, there is an urgent need for further direct radiocarbon
dating of all these finds to confirm their precise age and associations
with typically Aurignacian material. What is beyond dispute at
present is that populations that were in most, if not all, respects fully
anatomically modern in form were clearly present in several parts
of both Europe and the adjacent areas of the Near East entirely
within the time range of the Aurignacian period (that is, before
around 30,000 yr BP in radiocarbon terms) and well before
the appearance of the succeeding Gravettian and later Upper
Palaeolithic technologies14. This conclusion is reinforced by all the
recent studies of both mitochondrial and Y-chromosome DNA
patterns in present-day human populations, which point consist-
ently to a dispersal of fully modern (that is, African-derived)
patterns of DNA across Europe by at least 35,000 yr BP and probably
between 40,000 and 50,000 yr BP

5,6,31.
And here I should sound a further note of caution. Radiocarbon

dating is not without its problems, particularly within the crucial
time range of around 30,000–40,000 yr BP under consideration
here32–34. The problems stem partly from the known fluctuations
in the 14C content of the atmosphere over this time range (which
can make measured radiocarbon ages up to 3,000–6,000 years
younger than the true, calendar ages of the samples involved32)
and partly from the potentially serious effects of contamination by

Figure 1 Apparent dispersal routes of the earliest

anatomically and behaviourally modern populations

across Europe, as reflected in the archaeological data.

The northern route (along the Danube) is represented

by the ‘classic’ Aurignacian technologies, while the

southern (Mediterranean) route is represented by the

‘proto-Aurignacian’ bladelet technologies (Fig. 3)—

with their inferred origins in the preceding early Upper

Palaeolithic technologies in the Near East and

southeastern Europe. Dates (in thousands of years BP)

indicate the earliest radiocarbon dates for these

technologies in different areas, expressed in thousands

of radiocarbon years before present (BP). (These are

likely to underestimate the true (calendar) ages of the

sites by between 2,000 and 4,000 yr; see ref. 32).

Dashed lines indicate uncertain routes.
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intrusive recent carbon in the dated samples. For a sample 40,000
years old, contamination by only one per cent of modern carbon
would reduce the measured age of the sample by over 6,000 years.
This is especially true of dates based on bone or shell samples, which
have been shown repeatedly to yield ages that are often several
thousand years younger than the true ages, unless extremely
rigorous pre-treatment procedures are applied to the samples33,34.
There is of course no suggestion that the very young ages recently
reported for the skeletal remains from Vogelherd and elsewhere can
be dismissed in these terms. But in the case of the date of
27,680 ^ 270 yr BP reported on a marine shell sample apparently
associated with the famous human burials from the Cro-Magnon
site in southwest France35 we cannot exclude the possibility that this
represents a true radiocarbon age of.30,000 yr BP, whichwould put
these finds clearly within the Aurignacian time range, as the
apparent archaeological associations of the find would suggest29.
The same caution should be applied to any future applications of
direct radiocarbon dating to early Upper Palaeolithic skeletal
remains, as well as to those for Neanderthal remains25. At least in
the case of bone samples, it would be prudent to regard all radio-
carbon measurements as minimum estimates for the true age of the
samples within the critical range of 30,000–40,000 yr BP (refs 33, 34).

Patterns of population dispersal
One of the most significant features that has emerged from recent
archaeological research is the evidence for an apparently dual
pattern of colonization by early anatomically modern populations
across Europe, along two different routes. The first route is rep-
resented by the distribution of the ‘classic’ Aurignacian technologies
discussed above—that is, those represented at Aurignac itself and

marked by a range of distinctive tool forms, including typical nosed
and carinated scraper forms, heavily edge-trimmed Aurignacian
blades and perhaps most significantly the highly distinctive split-
base bone and antler spear-head forms13–16 (Fig. 3). As shown in
Fig. 1, these technologies are distributed across a broad arc of
western, central and southeastern Europe and extend into the
immediately adjacent areas of the Near East. At no other point in
the Upper Palaeolithic sequence do we observe such a striking
similarity in stone and bone technology extending over such a wide
diversity of environmental zones. Although the available radio-
carbon dates for these technologies show a broadly similar pattern
across this region (centred on about 38,000–34,000 yr BP), there are
strong indications that the origins of this technology can be
identified significantly earlier at sites in southeastern Europe (as
at Bacho Kiro and Temnata in Bulgaria) and in the eastern
Mediterranean region (as at Ksar Akil in Lebanon) than anywhere
in central and western Europe—in both areas extending back to at
least 40,000 radiocarbon yr BP8,13,28,36. As noted above, the appear-
ance of the new Aurignacian technologies in central and western
Europe invariably occurs as an abrupt break with the immediately
preceding Neanderthal technologies, strongly supporting their
association with new, intrusive populations13–16.
The second route of dispersal is distributed mainly along the

Mediterranean coast of Europe, extending from at least north-
eastern Italy to the Atlantic coast of northern Spain. Although often
referred to in the literature as ‘archaic’ or ‘proto’ Aurignacian13,37,
these industries show a very different pattern of technology from
that of the classic Aurignacian, dominatedmainly by small, carefully
shaped bladelets (theDufour and Font-Yves forms), which probably
served as the tips and barbs of composite spear- or arrowheads
(Fig. 3). Again, these industries represent a sharp break with the
immediately preceding Neanderthal technologies in these areas, and
again the most convincing origins for these technologies seem to
occur in sites in the Near East (for example, in the lower levels of the
Ksar Akil sequence in Lebanon, or at a number of open-air sites
such as Boker A in southern Israel) dating back to around 38,000–
40,000 yr BP

8,28,36,38. Both these industries and those of the classic
Aurignacian period appear to derive ultimately from the preceding
Ahmarian and Emiran technologies of the Near East, clearly
represented in the exceptionally long early Upper Palaeolithic
sequence at Ksar Akil, and reaching back to at least 45,000–
47,000 yr BP

8,28,36. At Ksar Akil itself these initial Upper Palaeolithic
levels are associated with the burial of a typically anatomically
modern skeleton27. Thus, these levels may well reflect the earliest
appearance of fully anatomically modern populations in this region,
after their inferred dispersal from Africa shortly before this time.
What is particularly intriguing about these geographical patterns

of dispersal of early anatomically modern populations across
Europe is their close similarities to the much later dispersal of the
earliest agricultural (Neolithic) communities across the continent,
between about 10,000 and 6,000 yr BP, that is, comprising a northern
route mainly along the Danube valley and a southern route along
the Mediterranean coast. To find these close similarities in popu-
lation dispersal patterns at two widely separated times in European
prehistory is one of the most interesting features to have emerged
from recent research.

Neanderthal–modern human interactions
Any model of this kind implies that there must inevitably have been
numerous episodes of contact—and therefore potential inter-
action—between the expanding populations of modern humans
and the indigenous Neanderthal populations across Europe. There
is insufficient space here to review all of the related discussion that
has emerged in the recent literature17,19,39–41. One point which now
seems clear, however, is that the appearance of a number of
apparently modern features of technology among some of the
final Neanderthal communities of central and western Europe

Figure 2 Early Aurignacian carved ivory animal and human figures from sites in

southern Germany. a–c, Vogelherd Cave; d, Hohlenstein–Stadel Cave. The carvings
represent the head of a cave lion (a), a horse (b), a mammoth (c) and a male human
figure with the head of a cave lion (d).
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(notably the simple bone tools and a number of grooved or
perforated animal-tooth pendants found in the Chatelperronian
levels at Arcy-sur-Cure in Central France17,39,42) can be shown to
coincide closely with the appearance of early Aurignacian popu-
lations in the nearby regions of central Europe, and probably with
those along the Mediterranean coast8,14,37,40,43.
Such patterns of behavioural interaction and technological

transfer between the local Neanderthal and intrusive anatomically
modern populations are precisely what we would predict on the
basis of examples of recent ethnic contact situations40, regardless of
the respective cultural and cognitive capacities of the two popu-
lations. Whether the ability of the final Neanderthals to adopt some
of these new patterns of technology can be taken to imply that they
had brains effectively identical to those of the incoming modern
populations is currently a topic of lively but inconclusive
debate22,23,40,44. All that can be said is that if the evolutionary
trajectories of the Neanderthal and modern populations had been
separate for at least 300,000 yr—as all available genetic and ana-
tomical evidence suggests—then the possibility of some divergence
in neurological structures over this period cannot be ruled out45,46.
Equally, the possibility of some small degree of interbreeding
between the two populations cannot be excluded on the basis of
either the current anatomical or DNA evidence1,10 and would again
seem plausible in anthropological and demographic terms.
However we visualize this situation, the reality is that all traces of

distinctively Neanderthal patterns of mitochondrial DNA, as well as
the distinctive anatomical features of Neanderthals, disappeared
relatively rapidly from European populations1,2,9,10. This probably

reflects a straightforward case of direct competition for space
and resources between the two populations, in which the demon-
strably more complex technology and apparently more complex
organization of the anatomically modern populations would have
given them a strong competitive advantage over the Neanderthals.
Some of the rapid climatic oscillations that have been documented
over this time range may also have played a critical part in this
demographically competitive situation47–49.

The human revolution?
That the Neanderthals were replaced by populations that had
evolved biologically, and no doubt behaviourally, in the very
different environments of southern Africa makes the rapid demise
of theNeanderthals evenmore remarkable, and forces us to ask what
other cultural or cognitive developments may have made this
replacement possible. The rapidly accumulating archaeological
evidence for highly symbolic patterns of culture and technology
within African populations dating back to at least 70,000 yr BP

(marked by the appearance of complex bone technology, mul-
tiple-component missile heads, perforated sea-shell ornaments,
complex abstract ‘artistic’ designs and abundant use of red
ochre—recently recorded from the Blombos Cave and other sites
in southern Africa50–53) may provide the critical clue to new patterns
of cognition, and probably complex linguistic communication,
linked directly with the biological evolution of anatomically and
genetically modern populations1,3. Perhaps it was the emergence of
more complex language and other forms of symbolic communi-
cation that gave the crucial adaptive advantage to fully modern

Figure 3 Tool forms from classic Aurignacian and proto-Aurignacian sites.

a, Characteristic tool forms of the ‘classic’ Aurignacian technologies in Europe and
the Near East. 1, 6 and 10 are carinated and nosed scrapers; 2 and 3 are

Aurignacian blades; 9 is a split-base bone point; 4 and 11 are retouched bladelets.

b, Retouched bladelet forms characteristic of the Mediterranean ‘proto-Aurignacian’
technologies in Europe, probably representing the tips and barbs of hafted missile

heads. 1–7 are Font-Yves bladelets; 8–23 are Dufour bladelets.
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populations and led to their subsequent dispersal across Asia and
Europe and the demise of the European Neanderthals. The precise
mechanisms and timing of this dramatic population dispersal
from southern Africa to the rest of the world remains to be
investigated1,3,4. A

doi:10.1038/nature03103.
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